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All data of the present study are available within the article and its supplementary information files or available from the corresponding author upon request.
Source data are provided with this paper.

To determine sample size for mice xenograft experiment, resource equation method was used. No statistical analysis was computed to
determine sample size for other experiments. Sample size was determined based on previous literature and previous experiments. For the
DNA fiber experiments, 125-300 fibers were analyzed per experimental condition based on previously published literatures (Mijic et al, Nat
Commun. 2017 Oct 16;8(1):859, PMID: 29038466; Ray Chaudhuri et al, Nature. 2016 Jul 21;535(7612):382-7, PMID: 27443740; Quinet et al,
Methods Enzymol. 2017;591:55-82, PMID: 28645379) which is widely accepted in the field. Immunofluorescence and Comet assays (Awate et
al, Nucleic Acids Res. 2020 Sep 18;48(16):9161-9180, PMID: 32797166; Thakar et al, Nat Commun. 2020 May 1;11(1):2147, PMID: 32358495);
Mice xenograft immunohistochemistry (Wang et al; Cancer Res. 2016 May 1;76(9):2778-90, PMID: 27197267; Fok et al, Nat Commun. 2019
Nov 7;10(1):5065, PMID: 31699977); Western blots, Metaphase spread analysis (Aggarwal et al, Cancer Res. 2013 Sep 1;73(17):5497-507,
PMID: 23867477); Biochemical assays (Aggarwal et al, Cancer Res. 2013 Sep 1;73(17):5497-507, PMID: 23867477; Sharma et al, Mol Biol Cell.
2004 Feb;15(2):734-50, PMID: 14657243); Colony survival and Cell viability assays (Lim et al; Mol Cell. 2018 Dec 20;72(6):925-941.e4, PMID:
30576655; Dungrawala et al, Mol Cell. 2017 Aug 3;67(3):374-386.e5, PMID: 28735897). Sample sizes are described in greater detail in the
Figure Legends.

No samples were excluded.

All cell-based and biochemical experiments were repeated independently at least two to three times with similar results. The numbers of
independent biological replicates performed for each experiment is indicated in the Figure Legends. All results were reproducible.

For mice xenograft experiment, mice were randomly allocated for each group and no selection criteria was used. For all cell-based assays,
exponentially growing cells were counted, and equal number of cells were seeded (allocated) randomly in culture dishes or chamber slides for
each experimental group set up for drug treatment, siRNA, or plasmid transfection. In biochemical assays, an equal volume of reaction
cocktail mix containing reaction salts, water, and oligonucleotide substrates was distributed randomly in respective reaction tube prior to the
addition of recombinant proteins.

All measurements (data collection) and data analysis were done blindly for mice xenograft experiment. Blinding to group allocation during
data collection was not relevant for Biochemical assays, Western blotting, DNA fiber experiments, immunofluorescence, comet assays, cell
viability, and survival assays as researchers were aware of the respective experimental conditions.
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Materials & experimental systems

n/a Involved in the study

Antibodies

Eukaryotic cell lines

Palaeontology and archaeology

Animals and other organisms

Human research participants

Clinical data

Dual use research of concern

Methods

n/a Involved in the study

ChIP-seq

Flow cytometry

MRI-based neuroimaging

Antibodies
Antibodies used

Validation

anti-WRN (4666, Mouse mAb (8H3), Cell Signaling, 1:1000),

anti-BRCA2 (A303-434A-M, Bethyl Laboratories, 1:1000; D9S6V, 10741, Cell Signaling, 1:1000),

anti-RAD51 (ab63801, Abcam, 1:1000),

anti-SMARCAL1 (A301-616A-T, Bethyl Laboratories, 1:1000),

anti-ZRANB3 (A303-033A-T, Bethyl Laboratories, 1:1000),

anti-HLTF (A300-230A-T, Bethyl Laboratories, 1:1000),

anti-!-actin (12620, D6A8, Cell Signaling, 1:5000),

anti-!-tubulin (N-20, sc-9935, Santa Cruz Biotechnology, Inc., 1:2000),

anti-DNA2 (ab96488, Abcam, 1:1000),

anti-Mus81 (MTA30 2G10/3, ab14387, Abcam, 1:1000),

anti-Rad52 (F-7, sc-365341, Santa Cruz Biotechnology Inc., 1:1000),

anti-Exonuclease 1 (ab95068, Abcam, 1:1000),

anti-MRE11 (12D7, ab214, Abcam, 1:1000),

anti-RECQL1 (H-110, sc-25547, Santa Cruz Biotechnology Inc., 1:1000),

anti-Topoisomerase I (556597, BD Pharmigen, 1:500)

anti-Lamin B1 (D9V6H, 13435, Cell Signaling, 1:1000)

anti-ORC2 (A302-734A, Bethyl Laboratories, 1:1000)

rat anti-CIdU antibody (ab6326, Abcam, 1:200)

mouse anti-IdU antibody (347580, BD Pharmigen, 1:40)

anti-"-H2AX (JBW301,05-636, Millipore Sigma, 1:1000 for WB and 1:100 for immunofluorescence)

anti-"-H2AX (20E3, Rabbit mAb #9718, Cell Signaling, 1:100)

anti-DNA PKcs phospho-S2056 (EPR5670, ab124918, Abcam, 1:100)

anti-PCNA (PC10, sc-56, Santa Cruz Biotechnology Inc., 1:50)

anti-WRN (NB100-471, Novus Biologicals, 1:50)

anti-53BP1 (clone BP13, MAB3802, Millipore Sigma, 1:100)

anti-DNA PKcs phospho-T2609 (ab18356, Abcam, 1:100)

phospho-Histone H2AX (#16-193, Millipore, 1:100)

53BP1 (EPR2172(2), ab175933, Abcam, 1:200)

AlexaFluor 647-conjugated goat anti-mouse IgG (A-21235, ThermoFisher Scientific, 1:500)

AlexaFluor 488-conjugated goat anti-mouse IgG (A28175, ThermoFisher Scientific, 1:500)

AlexaFluor Plus 488 Goat anti-Rabbit IgG (A32731, ThermoFisher Scientific, 1:500)

AlexaFluor 647-conjugated anti-rat IgG (A-21247, ThermoFisher Scientific, 1:100)

AlexaFluor 488-conjugated anti-mouse IgG secondary antibody (A-11001, ThermoFisher Scientific, 1:100)

HRP-conjugated anti-mouse (32430, ThermoFisher Scientific, 1:2500)

HRP-conjugated anti-rabbit (656120, ThermoFisher Scientific, 1:2500)

HRP-conjugated anti-goat (SC-2020, Santa Cruz Biotechnology Inc., 1:2500)

Each primary antibody was validated for the specific applications by the manufacturers as follows:

anti-WRN (4666, Mouse mAb (8H3), Cell Signaling); validated by the manufacturer for application of WB, Species reactivity: Human,
Mouse

anti-BRCA2 (A303-434A-M, Bethyl Laboratories; D9S6V, 10741, Cell Signaling); A303-434A-M, Bethyl Laboratories: validated by the
manufacturer for application of WB, IP, Species reactivity: Human; D9S6V, 10741, Cell Signaling: validated by the manufacturer for
application of WB, Species reactivity: Human

anti-!-tubulin (N-20, sc-9935, Santa Cruz Biotechnology, Inc.); validated by the manufacturer for application of WB, IP, IF, IHC, ELISA,
Species reactivity: Human, Mouse and Rat

anti-RAD51 (ab63801, Abcam); validated by the manufacturer for application of WB, ICC/IF, Species reactivity: Human, Xenopus laevis

anti-SMARCAL1 (A301-616A-T, Bethyl Laboratories); validated by the manufacturer for application of WB, IP, Species reactivity:
Human

anti-ZRANB3 (A303-033A-T, Bethyl Laboratories); validated by the manufacturer for application of WB, IP, Species reactivity: Human

anti-HLTF (A300-230A-T, Bethyl Laboratories); validated by the manufacturer for application of WB, IP, Species reactivity: Human,
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Mouse

anti-!-actin (12620, D6A8, Cell Signaling); validated by the manufacturer for application of WB, Species reactivity: Human, Mouse,
Rat, Monkey, D. melanogaster, Zebrafish

anti-DNA2 (ab96488, Abcam); validated by the manufacturer for application of WB, IHC-P, Species reactivity: Human

anti-Topoisomerase I (556597, BD Pharmigen); validated by the manufacturer for application of WB Species reactivity: Human

anti-Mus81 (MTA30 2G10/3, ab14387, Abcam); validated by the manufacturer for application of WB, Flow Cyt, Species reactivity:
Human

anti-Rad52 (F-7, sc-365341, Santa Cruz Biotechnology Inc.); validated by the manufacturer for application of WB, IP, IF, IHC, ELISA,
Species reactivity: Human, Mouse and Rat

anti-Exonuclease 1 (ab95068, Abcam); validated by the manufacturer for application of WB, IP, Species reactivity: Human

anti-MRE11 (12D7, ab214, Abcam); validated by the manufacturer for application of Flow Cyt, ICC/IF, WB, Species reactivity: Human
and Rat

anti-RECQL1 (H-110, sc-25547, Santa Cruz Biotechnology Inc.); validated by the manufacturer for application of WB, IP, IF, IHC, ELISA,
Species reactivity: Human, Mouse and Rat

anti-Lamin B1 (D9V6H, 13435, Cell Signaling); validated by the manufacturer for application of WB, IP, Species reactivity: Human,
Mouse and Rat

anti-ORC2 (A302-734A, Bethyl Laboratories); validated by the manufacturer for application of WB, IP, IHC, Species reactivity: Human

rat anti-CIdU antibody (ab6326, Abcam); validated by the manufacturer for application of ICC/IF, IHC-P, Flow Cyt, Species reactivity:
Species independent, widely used antibody to detect CldU-labeled DNA fibers in DNA Fiber experiments (Quinet et al, Methods
Enzymol. 2017;591:55-82, PMID: 28645379)

mouse anti-IdU antibody (347580, BD Pharmigen); validated by the manufacturer for application of Flow Cyt, Species reactivity: Not
applicable, widely used antibody to detect IdU-labeled DNA fibers in DNA Fiber experiments (Quinet et al, Methods Enzymol.
2017;591:55-82, PMID: 28645379)

anti-"-H2AX (JBW301,05-636, Millipore Sigma); validated by the manufacturer for application of ChIP, ICC, IF, WB, Species reactivity:
Vertebrates

anti-"-H2AX (20E3, Rabbit mAb #9718, Cell Signaling); validated by the manufacturer for application of WB, IHC-P, IF-IC, F, Species
reactivity: Human, Mouse, Rat, Monkey

anti-DNA PKcs phospho-S2056 (EPR5670, ab124918, Abcam); validated by the manufacturer for application of ICC/IF, WB, IHC-P,
ELISA, Species reactivity: Human

anti-PCNA (PC10, sc-56, Santa Cruz Biotechnology Inc.); validated by the manufacturer for application of WB, IP, IF, IHC, and Flow
cytometry, Species reactivity: mouse, rat, human, insect and S. pombe

anti-WRN (NB100-471, Novus Biologicals); validated by the manufacturer for application of WB, ICC/IF, IHC, IP, ChIP, Species
reactivity: Human

anti-53BP1 (clone BP13, MAB3802, Millipore Sigma); validated by the manufacturer for application of WB, IF, Species reactivity:
Human

anti-DNA PKcs phospho-T2609 (ab18356, Abcam); validated by the manufacturer for application of ICC/IF, WB, Species reactivity:
Human

phospho-Histone H2AX (#16-193, Millipore); validated by the manufacturer for application of ICC, WB, Species reactivity: Human

53BP1 (EPR2172(2), ab175933, Abcam); validated by the manufacturer for application of WB, IHC-P, ICC/IF, Flow Cyt, Knockout
validated, Species reactivity: Mouse, Rat, Human

anti-WRN (4666, Mouse mAb (8H3), Cell Signaling); validated by the manufacturer for application of WB, Species reactivity: Human,
Mouse

anti-BRCA2 (A303-434A-M, Bethyl Laboratories; D9S6V, 10741, Cell Signaling); A303-434A-M, Bethyl Laboratories: validated by the
manufacturer for application of WB, IP, Species reactivity: Human; D9S6V, 10741, Cell Signaling: validated by the manufacturer for
application of WB, Species reactivity: Human

anti-!-tubulin (N-20, sc-9935, Santa Cruz Biotechnology, Inc.); validated by the manufacturer for application of WB, IP, IF, IHC, ELISA,
Species reactivity: Human, Mouse and Rat

anti-RAD51 (ab63801, Abcam); validated by the manufacturer for application of WB, ICC/IF, Species reactivity: Human, Xenopus laevis

anti-SMARCAL1 (A301-616A-T, Bethyl Laboratories); validated by the manufacturer for application of WB, IP, Species reactivity:
Human

anti-ZRANB3 (A303-033A-T, Bethyl Laboratories); validated by the manufacturer for application of WB, IP, Species reactivity: Human

anti-HLTF (A300-230A-T, Bethyl Laboratories); validated by the manufacturer for application of WB, IP, Species reactivity: Human,
Mouse

anti-!-actin (12620, D6A8, Cell Signaling); validated by the manufacturer for application of WB, Species reactivity: Human, Mouse,
Rat, Monkey, D. melanogaster, Zebrafish

anti-DNA2 (ab96488, Abcam); validated by the manufacturer for application of WB, IHC-P, Species reactivity: Human

anti-Topoisomerase I (556597, BD Pharmigen); validated by the manufacturer for application of WB Species reactivity: Human

anti-Mus81 (MTA30 2G10/3, ab14387, Abcam); validated by the manufacturer for application of WB, Flow Cyt, Species reactivity:
Human

anti-Rad52 (F-7, sc-365341, Santa Cruz Biotechnology Inc.); validated by the manufacturer for application of WB, IP, IF, IHC, ELISA,
Species reactivity: Human, Mouse and Rat

anti-Exonuclease 1 (ab95068, Abcam); validated by the manufacturer for application of WB, IP, Species reactivity: Human

anti-MRE11 (12D7, ab214, Abcam); validated by the manufacturer for application of Flow Cyt, ICC/IF, WB, Species reactivity: Human
and Rat

anti-RECQL1 (H-110, sc-25547, Santa Cruz Biotechnology Inc.); validated by the manufacturer for application of WB, IP, IF, IHC, ELISA,
Species reactivity: Human, Mouse and Rat

anti-Lamin B1 (D9V6H, 13435, Cell Signaling); validated by the manufacturer for application of WB, IP, Species reactivity: Human,
Mouse and Rat

anti-ORC2 (A302-734A, Bethyl Laboratories); validated by the manufacturer for application of WB, IP, IHC, Species reactivity: Human

rat anti-CIdU antibody (ab6326, Abcam); validated by the manufacturer for application of ICC/IF, IHC-P, Flow Cyt, Species reactivity:
Species independent, widely used antibody to detect CldU-labeled DNA fibers in DNA Fiber experiments (Quinet et al, Methods
Enzymol. 2017;591:55-82, PMID: 28645379)




